In the framework of semiclassical approximation, we derive Boltzmann equation describing the dynamics of plasmons in hot QCD plasma. On the basis of given equation we evaluate the lifetimes of plasmons to leading order in the coupling constant. The influence of the nonlinear frequency shift of longitudinal oscillations and the off-shell effects on the dynamics of plasmon interactions among themselves are analyzed.
Introduction
For about three decades there has been an increasing interest to theoretical research of various dynamical properties of (ultra)relativistic many-particle systems. This is connected with manifold applications to various problems in astrophysical systems, modern cosmology, in multiparton processes in experiment with a high energy heavy ion collisions etc.. The kinetic phenomenons, that more clealy exhibit the processes having purely collective character, are one of more important aspects of complicated dynamics of manyparticle systems under extreme conditions. Here, the basic element in the description of transport phenomenons is derivation of corresponding kinetic equations which would take into account (depending on character of study problem) the presence of mean fields in the system, two -(and more) body collisions, the possible renormalization effects, the effects of quantum fluctuations (stochastic), pair production and etc.. Here, we restricted our consideration to brief review of the results of the derivation of relativistic kinetic equations essentially based on two-body collisions.
At present there are rather methods of constructive derivation of relativistic collission integrals. In particular, mention may be made of Zubarev's method of the non-equilibrium statistical operator [1] (the employment examples of this method to relativistic systems of hadron or quark-gluon plasmas type can be found in Ref. [2] ); the method developed by Klimontovich [3] for an ordinary nonrelativistic plasma (the so-called second momentum or polarization approximation) and expanded next to relativistic (semi)classical system -in [4] . It should be stressed, that above-mentioned methods are particularly effective in the construction of the collision integrals for relativistic (semi)classical systems, those evaluation is described by so-called exact "microscopic" dynamical equations coming from the classical equations of motion. However, the extension of these methods to relativistic quantum systems encounters some difficulties and therefore is ineffective. For the last systems, mention may be made of the method based on use of the reduction formulae of quantum field theory given by de Groot, van Leeuwen, and van Weert [5] . A more powerful and more convenient tool to derive from exact field Shwinger-Dyson equations the approximate relativistic kinetic equations, is the so-called closed-time-path (CTP) formalism [6] (and also thermo field dynamics and the Feynman-Vernon influence functional method, closed to it). The examples of its relativistic field-theoretical generalization can be found in Refs. [7, 8] .
The construction procedure of transport equation of a Boltzmann's type is in more detail developed for scalar models of φ 3 and φ 4 types. The existing stable interest to these models is explained not only simplicity of their interactions, but also their advantageous use in models of relativistic nuclear matter and in research of baryon production in the electroweak plasma. Important contribution to fundamental study of the scalar transport theory have been made by Li and McLerran, Danielewicz, Calzetta and Hu, Greiner and Müller, Leupold [9] , Boyanovski, Lawrie, and Lee [10] , Mrówczyński [11] and others. We are reminded once again that, here, we restricted our consideration to citing papers, which provide a more or less systematic analysis of collision terms.
The scalar transport models (and also their possible extentions to more complicated interaction types like scalar electrodynamics (SQED), scalar Yukawa interaction etc.
1 very useful in study of more physical systems of very complicated dynamics like the electroweak plasma governed by the standard model Weinberg-Salam, the quark-gluon plasma (QGP) governed by quantum chromodynamics (QCD) or more generally, hot/dense non-Abelian plasma. (In the high temperature region, when bare masses of the basic constituents of plasma can be neglected, physics of electroweak plasma is basically the same as the physics of QGP, which is of main interest for us here.)
As it is known, the cornerstone of derivation of kinetic equations for hot non-Abelian plasma is fundamental separation of momentum scale. Physical justification of such separation is the fact that the collective excitations which develop at a particular energy scale gT (or g 2 T , where T is the temperature, and g is the coupling constant), well separated, when g ≪ 1, from the typical energies of plasma particles ∼ T [13] . Generally speaking, respectively to this fact one can define two types of kinetic equations: the equations for hard 2 particles -hard quarks(q), antiquarks(q) and hard transverse gluons(g) and for soft (ultrasoft) collective modes (in the case of bose excitations -transverse and longitudinal ones, the last of which are named by plasmons). The most efforts were bending to derivation of the first type equations. However for a highly excited states, when a characteristic time of relaxation of the hard particle distributions f s , s = q,q, g is commensurable with a characteristic time of relaxation of the soft oscillations or even far exceed it, along with kinetic equations for hard particles it is necessary to use the kinetic equation for the soft modes.
The calculations of the collision term for QGP was apparently first made in [15] . In the framework of concepts developed in the theory of electron-ion plasma, the scattering probability of (anti)quarks among themselves through longitudinal and transverse virtual oscillations which account for dynamical screening, is derived. We note that in this paper the Boltzmann equation for hard quarks and antiquarks was supplemented by equation characterized the relaxation of a field excitations and presented in such way the second type of kinetic equations, mentioned above. In paper [16] the similar Boltzmann equation for hard gluons was obtained. Here, the scattering probability was deduced in the framework of usual diagrammatic perturbation theory with inclusion of screening effects in the random-phase approximation (one-loop order). Although the relativistic Boltzmann equations constructed in these papers are taken into account such main QGP property as screening, the area of their validity is restricted to use only for the colourless deviations from equilibrum distribution functions.
In the papers [4] in the framework of (semi)classical representation of QGP [17] the 1 As example of extension of transport theory of self-interacting scalar fields to more realistic models of hadron plasma, including (anti)nucleons described by Dirac spinor fields coupled to scalar and vector mesons, it may be mentioned the basic paper of Mrówczyński and Heinz [12] . 2 For connection with our previous papers [14] here, we will be hold the definitions of the momentum scales, accepted in [23] : the hard scale, corresponding to momentum of order T , the soft scale ∼ gT , and the ultrasoft scale ∼ g 2 T .
Balescu-Lenard-type collision terms for small colour and singlet deviations of the distributions from the initial colourless equilibrium ones, were derived by the Klimontovich method. However, in these works, the organizing role of the various momentum scales was not recognized which led to sometimes inconsistent and complicated transport equations for hard particles.
In recent years only it has been possible to derive the Boltzmann equation for hard modes of hot non-Abelian plasma by rigorous and self-consistent way in the expansion in the coupling constant, and clearly clarify the nature of the approximation involved, and thus fix its range of applicability. It was be shown that for larger wavelengths (λ ∼ 1/g 2 T ) of colour excitations in the non-Abelian plasma, not only consideration of interaction of hard particles to the soft degrees of freedom represented by mean fields, but also taking into account the collisions of hard particles among themselves become essential. Similar Vlasov-Boltzmann equation reproduces exactly (at leading order in g) a large variety of thermal results obtained by a more fundamental analysis of diagrammatic perturbation theory [18] and provides in some case more adequate description of phenomenons not yielding to perturbative analysis.
Here, one can extract three approaches to construction of an effective kinetic equation for hard particles with collision term. The first of them is connected with Bödeker's effective theory for the ultrarelativistic field modes [19] . Starting from the collisionless non-Abelian Vlasov equation, which is the result of integrating out the scale T [13] , Bödeker shown how to integrate out the scale gT in an expansion in the gauge coupling g. At leading order in g, he obtained the linearized Vlasov-Boltzmann equation for the hard field modes, which contains besides a collision term also Gaussian noise. This equation has also been proposed by Arnold, Son and Yaffe [20] deriving the relevant collision term on phenomenological grounds -by analyzing the scattering processes between hard particles in the plasma. Kinetic equation derived in Refs. [19, 20] has nontrivial matrix structure, since, the distribution function that describes colour fluctuations is not diagonal in colour space 3 .
Blaizot and Iancu [23] suggested rigorous derivation of a Vlasov-Boltzmann equation, starting from the Kadanoff-Baym equations. The derivation is based on the method of a gauge covariant gradient expansion, which was be firstly proposed by them for the collective dynamics at the scale gT [13] . By using given equation they obtain [24] effective amplitudes for the ultrasoft colour fields, which generalize the HTL's by including the effects of the collisions (see also Guerin [25] ).
An alternative derivation of the collision term of Balescu-Lenard-type was proposed by Litim and Manuel, and independently by Valle Basagoiti [26] . The former authors 3 Here, it is interested to note that "non-Abelian" kinetic equations are arisen in another field of high energy physics, which now also has attracted considerably interest -neutrino astrophysics. Here, in order to taking into account the simultaneous effects of neutrino oscillations in a medium and the effects of collisions, the neutrino density matrices n×n for n mixing flavors ("flavorspin") [21] , which is nondiagonal in the interaction basis, is entered (see, e.g. [22] ). use a classical transport theory, whereas the latter ones use the set of "microscopic" dynamical equations coming from the HTL effective action describing the evolution of the collisionless plasma. In both cases the collision term was derived by averaging the statistical fluctuations in a plasma on the basis of the method developed by Klimontovich [3] . Now we note that significant progress, which was achieved in the construction of transport theory in above-mentioned papes is in many respects defined by the fact that initial plasma state supposed thermal equilibrium and the particle density is homogeneous and isotropic in momentum and in space. By virtue of the last situation, the developed theory is not applied to describing the opposite physics extreme, namely a highly nonequilibrium, nonuniform, and nonisotropic parton system emerging from the heavy ion collisions. Because of very complexity of the processes taking place inside the fireball, the construction of the transport theory here, is very far from self-consistent scheme and characterized by separate research touched upon one or the other side of kinetic phenomenons (see, e.g. [27] ).
The paper of Bezzerides and DuBois [28] devoted by nonthermal QED plasma is one of the first works, in which the relativistic kinetic equation for soft correlation function was considered. In the 60-70 years in connection with application to thermonuclear fusion in the theory of nonrelativistic electron-ion plasma, a powerful perturbative method (so-called weak turbulent approximation) was developed [29] [30] [31] for research of various nonlinear plasma processes of types: scattering processes between the wave and particles (nonlinear Landau damping), three-and four-wave decays etc.. In spite of the fact that this method is not ability to describe the phenomenons connected with strong turbulence, nevertheless, it enables in the framework of unified scheme to encompass a wide class of plasma occurrences. The paper [28] is attempt of extension of above-mentioned weak turbulent theory to electron-positron-photon plasma governed by quantum electrodynamics. As a basic tool of such extension, CTP-formalism was used. However, since main effort here, was directed to research of the collision integrals for hard electron and positrons, the authors restricted their derivation to the plasmon kinetic equation only taking into account pair production and (linear) Landau damping process, and propely high ordes processes we are interested in corresponding to nonlinear interaction mechanisms of plasma waves were not considered at all (see also discussion of one-loop computations below).
Similar kinetic equation for soft bose-modes of QGP was apparently first made by Heinz, Kajantie, and Toimela [32] . In the context of the imaginary time formalism in the one-loop approximation the imaginary part of the complete colour linear response function was computing and it is shown that it can be expressed in the form of a BoltzmannNordheim collision term. On the basis of such derived rate of decay (Γ d ) and the rate for regeneration of the perturbations (Γ i ), the kinetic equation defining the evolution of a phase space distribution N(x, t; k, ω) of soft electric perturbations of the momentum k = (ω, k) in the form proposed by Weldon [33] , was written out
As in a previous case, the higher orders, when Γ d and Γ i itself can functionally (in a general case, nonlinearly) depend on N here, were not considered. However the derivation of such dependence becomes important if we take into account that all computations in [32] ( [28] ) were performed in the "rigid" one-loop approximation, with bare propagators of massless gluons and quarks (electrons). However as it is known, quarks (electrons) and gluons inside the loop are not massless, they asquire the effective temperature-induced masses. The consequence of this fact is kinematic prohibition of decay of the soft perturbations into physical states. Further by virtue of the fact that the phase velocities of both transverse and longitudinal eigenmodes of plasma exceed the light velocity, linear Landau damping is also absent. By virtue of above-mentioned, the rates of decay and regeneration are just zero in this approximation.
The present paper is devoted to further study of kinetic equation for soft modes of non-Abelian plasma. The theoretical framework of this paper derives from synthesis of two formal developments. The first is the development of nonlinear theory of ordinary plasma, exactly weak turbulent approximation [29] [30] [31] . The second is the development of effective theory of hot QCD originally proposed by Braaten and Pisarski [34] , Frenkel and Taylor [35] , Jackiw and Nair [36] , Blaizot and Iancu [13] and then developed in the papers [19, 20, [23] [24] [25] [26] . In our previous papers [14] without resorting to complicated diagramatic technique in the framework of semiclassical representations, the following term in the expansions of Γ d and Γ i , linear on a phase space distribution of soft perturbations, was derived. However, as it was shown in [14] (see also Sec. 2), this approximation is not sufficient for complete definition of the relaxation process of the soft modes in QGP. Here, we consider the following terms in the expansions of Γ d and Γ i , and show that corresponding nonlinear Eq. (1.1) is equation of a purely Boltzmann type, i.e. collision term in the r.h.s. of this equation has standard Boltzmann structure, with a gain term and a loss term.
We note that in spite of the higly effectiveness of the approach developed in this work, essential disadvantage is that it practically entirely neglects by purely quantum effects, which is of primary importance in QGP dynamics (see discussion on this problem and possible way of its overcoming in [37] , and also in Conclusion of the present work).
The outline of the paper is as follows. In Sec. 2 the prelimenary comments, relative to derivation of Boltzmann equation, described the plasmon-plasmon scattering are explained. In Sec. 3 the essential features of scheme, which we early used in [14] in derivation of kinetic equation with allowance of nonlinear Landau damping, are summarized. Sec. 4 having auxiliar character is devoted to definition of the interacting fields in the form of the expansion in free fields with necessary for further research accuracy. In Sec. 5 we set off all terms in the expansion of colour random current, yielding contribution to the process of the plasmon-plasmon scattering and derive intermediate kinetic equation
which then in Sec. 6 is rewritten in the terms of HTL-amplitudes. Sec. 7 is devoted to deriving the probablity of plasmon-plasmon scattering, which is the main result of a given work. In the next Section on the basis of explicit form of obtained collision integral the expression for lifetimes of plasmons is defined and its estimate in the leading order in the coupling at the soft momentum scale is derived. The additional contribution to plasmon interaction due to nonlinear eigenfrequency shift of longitudinal oscillations is derived in Sec. 9. In Sec. 10 in a semiqualitative manner the influence of the off-plasmon-shell effects is discussed. Finally in Sec. 11 we present our Conclusion and future avenues of study.
Preliminary comments
We denote the localized number density of plasmons by N l (k, x) ≡ N l k , and the distribution function of hard thermal gluons by f (p) ≡ f p . In this paper we consider the processes with a longitudinal oscillations only and arising in a purely gluonic plasma, with no quarks. Besides, we suppose that there is no external colour current and mean colour field in the system, and the system is in the global equilibrium state, i.e.
Here, E p ≡ |p| for massless hard gluon, coefficient 2 takes into account that a hard gluon has two helicity states and a, b = 1, . . . , N in a functional series in powers of the plasmon number density. The actual dimensionless parameter of expansion here, is (for classical statistic) the ratio of the energy of longitudinal plasma excitations to the averaged thermal energy per particle, i.e.
wheren is the mean density. In conditions, when the excitations energy is a small in comparison with thermal energy of hard particles, we have
The last inequality is mean that the fields of longitudinal oscillations are sufficiently small and can not essentially change such "crude" equilibrium parameters of plasma as particles density, temperature and thermal energy (this, in particular, justifies the choice of distribution function of thermal gluons in the form of (2.1)).
From the other hand, however, we will be considered the energy of plasma oscillations sufficiently large, far exceeding the energy of thermal fluctuations of colour field in plasma. The consequence of the last requirement is the inequality 10) where δ is a plasma parameter
Here,r is the inter-particle distance (∼n −1/3 ) and r D is the Debye length
The condition (2.10) provides the validity of ignoring of the collisions among hard thermal particles with respect to their interaction with soft plasma modes.
Inequalities (2.9) and (2.10) correspond to the weak turbulent approximation, in the framework of which one can restricted the consideration to several first terms in the expansion Γ i . We note however, that when the energy level of plasma excitations becomes comparable with thermal energy of particles, e.g. as result of development of strong instability (strong turbulence), then the method of the perturbation theory here, becomes non-valid and the necessity of (sampling) summation of the whole functional series is arisen. The last situation can be really take place in the processes going in QGP emerging from the heavy ion collisions at higher energies. In this work we not consider this very complicated problem, assuming that the inequality (2.9) is always true.
Let us consider more comprehensively the first terms in the expansions of Γ For n = 1, m = 0 we have 11) and for n = 0, m = 1, respectively (here, we replace k
The first resonance condition (2.11) describes simultaneous radiation (or absorption) of two plasmons with frequencies ω are defined by the second resonance condition (2.12) . It is associated with absorption of plasmon by a hard thermal gluon with frequency ω l k and a wave vector k with its consequent radiation with frequency ω l k 1 and a wave vector k 1 (and vice versa). Schematically this process can be represented as follows 13) where g * are plasmon collective excitations and g are excitations with characteristic momenta of temperature order. In the theory of ordinary plasma [29] [30] [31] this process is known as nonlinear Landau damping. In the case of QGP it was studied in detail in [14] . We have shown, that the nonlinear Landau damping rate (2.14) defines two processes: the effective pumping of energy across the spectrum sideways of small wave numbers with conservation of excitation energy and propely nonlinear dissipation (damping) of longitudinal plasma waves by hard particles, where the first process is crucial. Consequence of this fact is inequality: γ l (0) < 0, i.e. k = 0 -mode is increased. The main conclusion, which we made in [14] is that the only process of the nonlinear Landau damping does not lead to total relaxation of soft excitations in gomogeneous isotropic plasma. At the scale of a small |k| (|k| ≪ gT ) it is necessary to consider the processes of higher order, than (2.13), which lead to suppresion of increase of k = 0-mode.
The following terms in the expansion of the decay rate (2.5) and the inverse decay rate (2.6), corresponding to n, m = 1, 2, are defined by
Physically this corresponds to simultaneous absorption (radiation) of three plasmons by thermal gluon, or simultaneous absorption (radiation) of two plasmons with consequent radiation (absorption) of one plasmon. At the long-wavelength range these processes are kinematically forbidden and therefore in this approximation Γ can be formally represented in the form (2.16 ) and
Here the phase-space integration is
The argument of δ-function in the integration measure (2.18) represents the conservation laws of energy and momentum in the processes of decay, fusion and the plasmon scattering among themselves. Such the decay rate (2.16) and the regenerating rate (2.17) are different from zero if the following "resonance" conditions are obeyed
i , which would be arisen in the case of n = m = 1, 2 is defined by the system of equations (we neglect by certainly impracticable ones) ω
These conservation laws describe a decay of one plasmon in two and the reverse process of fusion of two plasmons into one
This process is of the same order that the process of nonlinear Landau damping (2.13). However, the specific peculiarity of a dispersion law of the longitudinal oscillations in hot non-Abelian plasma is that resonanse equations (2.19) have no solutions no matter what the values of wave vectors k, k 1 and k 2 may be, i.e. the processes (2.20) are kinematically forbidden (see [14] , and also Sec. 10 in the present work). Therefore the first terms different from zero in the expansion of Γ
here, will be arisen in the higher order in the expansion over parameter ε, for n, m = 1, 2, 3.
In general case, with four plasmons, two different processes take place
The first of them corresponds to process of the decay of one plasmon g * into three plasmons g * 1 , g * 2 , g * 3 , and the reverse process of fusion of three plasmons into one g * . The second process presents the plasmon scattering by plasmon. The last one is considered as the decay process and interpretated as the process of decay (fusion) of two plasmons g * and g * 1 into two plasmons g * 2 and g * 3 . For four-plasmon decay process (2.21) , the following resonance conditions are obeyed
and for scattering process (2.22) we have respectively
It is not difficult to show, that the conservation laws (2.23), (2.24) kinematically forbid the processes of direct decay of plasmon in three ones (and vice versa) (2.21) and admit only the processes of (2.22) type. At the soft scale the last process is suppresed by more powers of coupling constant in contrast to the process of nonlinear Landau damping (2.13).
However at the ultrasoft scale the process of elastic scattering plasmon by plasmon can become dominant and lead to suppresion of increase of k = 0-mode (see the begining of Sec. 10).
Substituting the expressions (2.16) and (2.17) in this approximation we result in the Boltzmann equation, describing four-plasmon decays of (2.22) type
Here, we taken into account, that the probabilities of direct and reverse processes are equal and besides in the last line in the semiclassical regime we considered the soft modes strongly populated, i.e.
etc.. Similar Boltzmann equation for plasmons was intensively studied in due time for ordinary plasma [38, 39] (in Refs. [31, 38] the explicit expression for the function w (k, k 1 ; k 2 , k 3 ) can be found). The main purpose of the present work is the derivation in the explicit form of the probability of plasmon-plasmon scattering for hot non-Abelian plasma. The function of w(k, k 1 ; k 2 , k 3 ) must satisfy the symmetry relations over permutation of arguments 26) which is consequence of indistinguishable of plasmons.
In conclusion of this Section we note some general properties of the processes of fourplasmon decays. Multiplying the r.h.s. of Eq. (2.25) in turn by ω l k and k, integrating with respect to wave vector k, and taking into account (2.26) , it is easily checked that
These relations are evident consequence of conservation laws of energy and momentum in the plasmon-plasmon scattering.
On the other hand, the total plasmon numbers in such decays also should be conserved, because the only process in which two plasmon decays into two another ones is permited. Really, by integrating (2.25) over all k-space and taking into account the relations (2.26) , it is easy to verify that
i.e. four-plasmon decay unchanges the total plasmon numbers.
The random-phase approximation
In this Section we remind briefly the basic methodological notions used in [14] for study of the nonlinear processes in non-Abelian plasma in semiclassical approximation.
We use metric g µν = diag ( 
obeys the Yang-Mills (YM) equation in a covariant gauge
where ξ is a gauge parameter. j ν is the colour current
where T a are hermitian generators of SU(N c ) group in the adjoint representation ((
. Distribution function of gluons f satisfies the dynamical equation which in the semiclassical limit (when polarization effects are neglected [40] ) is [17] 
whereD µ is a covariant derivative acting as
[ , ] , {, } denote commutator and anticommutator, respectively, and
The distribution function f can be decomposed into two parts: regular and random ones, where latter is generated by spontaneous fluctuations in the plasma
Here, angular brackets · indicate a statistical ensemble of averaging. The initial values of parameters which characterize the collective degree of a plasma freedom is such statistical ensemble. For almost linear collective motion to be considered below it may be initial values of oscillation phases.
We set also by the definition
The regular (background) part of the field A R µ will be considered equal to zero (see previous Section).
By averaging the equation (3.4) over statistical ensemble, we obtain the kinetic equation for the regular part of the distribution function of hard gluons f
Here, indices "L" and "NL" denote the linear and nonlinear parts with respect to field A a µ of the strength tensor (3.1). The correlation functions in the r.h.s. of this equation have meaning of the collision terms due to particle-wave interactions and describe the influence of plasma waves to a background state.
We assume that a typical time of nonlinear relaxation of the oscillations is small relative to the time scale over that the distribution of hard transverse gluons f R vary substantially. Therefore we neglect by change of regular part of the distribution function with space and time, assuming that this function is specified and describes the global equilibrium in gluon plasma 6) where u µ is the four-velocity of the plasma. (Here, for convenience in the subsequent discussion, we somewhat overdetermine the equilibrium distribution function of thermal gluons (2.1).)
We use expansion in powers of oscillations amplitude of the random function f T for research of non-equilibrium processes in QGP, such that the excitation energy of waves is small quantity in relation to the total energy of particles
where f T (n) collect the contributions of the n-th power in A T µ . The expansion of a colour current, corresponding to (3.7) has the form 8) where by the definition (3.3), we have
The regular part of a current vanishes for a global equilibrium gluon plasma.
Substituting expansion (3.7) into (3.4) , and collecting terms of the same order with respect to A T µ , we derive the system of equations
We rewrite the Yang-Mills equation (3.2) , connecting a gauge field with colour current, in the following form
Here, in the l.h.s. we collect all linear terms with respect to A T µ and we denote:
It is conveniet to restrict our consideration to third order in powers of A T µ in the expansion (3.8) . It is not difficult to obtain the explicit form of the terms in the colour current expansion (3.8) from the system of equations (3.10)-(3.12) and relation (3.9) . In the momentum representation and in the leading order in coupling constant up to the third order terms, we have [14] j 14) where (3.15) is the high temperature polarization tensor; 18) and
For simplicity, hereafter we drop the suffix "T" of a gauge field.
Further we rewrite the Eq. (3.13) in momentum representation. Substituting the linear part of the random current (3.14) and nonlinear corrections (3.16) and (3.18) into this equation, we result it in the form
. The functions S (II) and Σ (II) are defined by expressions (3.17) and (3.19) , respectively, and
These tensor structures are caused by self-action of a gauge field. They are defined by nonlinear terms in the r.h.s. of Eq. (3.13), which are not associated with a colour current in QGP.
In Ref. [14] we introduce the correlation function of random oscillations
In order not to overburden equations by the symbol " * " we use dagger " † " for notation of complex conjugation. In conditions of the stationary and homogeneous of QGP, when the correlation function (3.22) in the coordinate representation depends on the difference of coordinates and time △X = X ′ − X only, we have
By the effects of the nonlinear interaction of waves and particles, the state of QGP becomes weakly inhomogeneous and weakly nonstationary. The medium nongomogeneity and nonstationary lead to a delta-function broadering, and I ab µν depends on both arguments. Now we multiple the Eq. (3.20) by complex conjugate amplitude A †a µ (k ′ ) and average it. Then we perform the replacement k ↔ k ′ , a ↔ b, complex conjugate it and subtract the obtained equation from initial one, beforehand expanding of the polarization tenzor into Hermitian and anti-Hermitian parts
Let us introduce
The term with Π A corresponds to the linear Landau damping. As was shown by Heinz and Siemens [41] , linear Landau damping for waves in QGP is absent and hence, this term vanishes. We expanded the remaining terms in the l.h.s. in a series in powers of △k to first smallness order. This corresponds to gradient expansion procedure, usually used in derivation of kinetic equations. Multiplying obtained equation by e −i△kx and integrating over △k with regard to
we obtain finally the equation, which is starting point for our further reseach
The interacting fields as the function of free fields
Let us define approximate solution of Eq. (3.20) correct to a third order in oscillations amplitude of free fields. At first we rewrite this equation in more compact form.
We introduce the following notations
The expressions (4.1) and (4.2) present nonlinear colour currents, including the self-action effects of a gauge fields, in contrast to (3.16) and (3.18) . By * D µν (k) we denote the medium modified (retarded) gluon propagator, which in a covariant gauge has a form
where
The Lorentz matrices in (4.3) are
Let us assume that we are in the rest frame of heat bath, so that u µ = (1, 0, 0, 0).
Using above introduced functions, the Eq. (3.20) can be rewritten in the form
The nonlinear integral equation (4.5) is solved by the approximation scheme methodthe weak free field expansion (small perturbations). Discarding the nonlinear terms in A in the r.h.s. of Eq. (4.5), we obtain in the first approximation
The solution of this equation, which we denote by A (0)a µ (k) is the solution for a free fields. Further keeping the term, quadratic in field in the r.h.s. of Eq. (4.5), we derive the equation
where in the r.h.s. we substitute free fields instead of interacting ones. The general solution of the last equation can be given in the form
The following order in the expansion of interacting fields is defined from equation
Using explicit expressions for currents (4.1) and (4.2), after curbersome algebraic transformations, we obtain the form of interacting field from the Eq. (4.6) with accuracy required for our further calculations
Here, third-order colour current in the r.h.s. is defined by expressioñ
(4.9) and we take into account, that third-order correlation function
vanishes by virtue of the fact that A (0) represents the amplitude fully noncorrelative gauge fields. The factor 1 2 , in front of the second term in the r.h.s. of (4.9) is arisen from symmetrization with respect to permutation of potentials A 
The correspondence principle
For determination of probability of plasmon-plasmon scattering in gluon plasma the method developed in due time in the theory of nonlinear processes in electron-ion plasma and known as correspondence principle [31, 38] is usable. For non-Abelian plasma given approach is particularly effective in the temporal gauge, when we have more close correspondence with electrodynamics of ordinary plasma. The gist of this method is as follows.
The change of plasmons number, connected with spontaneous processes of four-plasmon decays only, is ∂N
This equation follows from Eq. (2.25) in the limit of a small intensity N l k → 0. In this case the change of energy of longitudinal excitations is
On the other hand the value (dE/dt) sp represents emitted radiant power of longitudinal waves I l , which in turn is equal to work of radiation field with colour current, creating it, in unit time
Here E ai (x, t) = −∂A ai (x, t)/∂t is chromoelectric field in the temporal gauge. The sign in the r.h.s. of (5.3) corresponds to choose of a sign in front of current in the Yang-Mills equation (3.2) . In conclusion of the last line (5.3) we take into account that the Fouriercomponent of a field E a k,ω = kE a k,ω /|k| is associated with J a k,ω by Yang-Mills equation
In order to define the probability of the four-plasmon decays, arising the sixth-order correlator in free field A (0) in the r.h.s. of Eq. (5.3) is required. The desired sixth-order correlator yields the colour current J T (3)ai (4.2) (more precisely, its expression in the temporal gauge). However here, it is necessary also take into account the effects, which arise from iteration of the current J T (2)ai (4.1). Defining by this means all necessary contributions, making the correlation decoupling of the sixth-order correlators in the terms of the pair ones and expressing next A (0) A (0) by N l k , we obtain an emitted radiant power I l . By comparison I l with (5.2), we define desired probability w(k, k 1 ; k 2 , k 3 ).
However this method encountered certain difficulties in deciding on the other gauges, e.g. the covariant gauge. Here it is convenient for definition of the probability of plasmonplasmon scattering immediately start from the Eq. (3.24). Using above-obtained expression (4.7) for the potentials of interacting fields, which enter into the correlators in the r.h.s. of (3.24) , by simple search through we extract all the sixth-order correlators, to be responsible for four-plasmon decays of type (2.22) . The choice rules of required terms are defined by the fact that when we make the correlation decoupling of the sixth-order correlators in the terms of the pair ones (in order to define the product N
) as a factor, δ-functions in the form 4) are arisen. Besides the coefficient function preceeding
must satisfy properties (2.26). As will be shown below, these conditions are sufficient to calculate plasmonplasmon scattering probability in the covariant gauge (this rather cumbersome and physically not quite transparent approach is suited for another gauges).
At first, we consider the contribution to the r.h.s. of initial Eq. (3.24) , associated with Σ-functions. Here, we write it separately
One can obtain the sixth order in free field by two waves. The first one is as follows. We substitute in turn the expression from the r.h.s. of formula (4.7), which contains only cubic term in the potentials of free fields, instead of each potential of interacting ones, i.e.
We replace the remaining potentials by the rule
. The second way is to substitute the quadratic term in A (0) from the r.h.s. of (4.7) instead of any two potentials of interacting fields, i.e.
We replace the remaining potentials by free ones. It is necessary look over all possible substitutions in both first and second ways.
The number of appearing terms can be cutted if we note, that it is need to keep only such terms in intermediate expressions which contain the factors * D µµ ′ (k) and * D µµ ′ (k ′ ). These factors give the term, proportional to 6) i.e. the factor taken into account the existence of plasmons with wave vector k and energy ω l k , in spite of the fact that density function of plasmon numbers N l k is explicitly absent. From this it is immediately follows that for the first way only the replacement in (5.5)
gives desired contributon (similar for conjugate term). This leads (5.5) to the expression
In the second case, at first step it should be replaced
This gives
Here, the term containing A By virtue of the fact that we restrict our consideration to derivation of kinetic equation for colourless excitations, i.e. 9) all terms in expression (5.7), not containing averaging over six potentials vanish because of δ dc , δ d ′ c ′ , . . . , are contracted with anti-symmetric structure constants. It is necessary to decouple the averaging of six potentials into pairs. We define, what decomposition gives the contributon to Eq. (5.1). By using the definition of the correlation function (3.22) , (3.23) , we have
After substitution of the first term in the r.h.s. (5.10) into (5.7) and performing integration over dk 1 dk 3 dk
We see, that here, characteristic δ-functions (5.4) are not appeared and therefore the last expression is not associated with plasmon-plasmon scattering and it should be dropped. This is a general rule. The decomposition of averaging of free field amplitudes into the correlators containing the pair of complex conjuctive potential or one of nonconjuctive potentials between of the angular brackets of statistical averaging, does not give contribution to the process interested for us. For this reason, it is necessary fully drop all contribution connected with the expression (5.8), since because of nonsymmetry under averaging of potentials, in decomposition into pairs, the pair with complex conjuctive amplitude or without conjuctive necessarily is arisen. We write decoupling the correlator of six potentials, which give contribution to Eq. (5.1). Omitting colour and vector indices, we have
Now we consider the terms with S-functions in the r.h.s. of Eq. (3.24) and here, we write them separately
On the basis of above-mentioned, it is necessary at first step, to perform the replacement A †a
We replace consequently the remaining two potentials of interacting fields in the correlators (5.12) 
. This automatically leads to symmetry of contribution in A (0) and A †(0) . As result we obtain
The terms in a given expression, not containing the correlation function of six potentials vanish because of (5.9).
Further adding (5.7) and (5.13), we obtain the following equation, instead of (3.24)
HTL -amplitudes
Let us transform Eq. (5.14) to suitable form for our further research. For this purpose we perform the symmetrization of coefficient functions in integrand in the r.h.s. of Eq. (5.14) over possible permutations of colour and vector indices and arguments of potentials of gauge field within of the two groups (A
) placed between of the angular brackets of statistical averaging.
For example, for the first group this symmetrization leads to the expression
. In derivation of the last equality, we use the relation between the structure constants
In a similar way we transform the coefficient f
in front of the second group of potentials of soft fields.
The expression (6.1) is convenient because it enables us to rewrite the functions preceeding correlators in the r.h.s. of kinetic equation (5.14) in terms of HTL-amplitudes [34, 35, 13] . Actually, let us consider the coefficient in front of f bcf f f de in the last expression of relation (6.1) . By the definition ofΣ-function (4.9), it equals
Further we use initial definitions (3.21) , (3.17) and (3.19) . In the expressions (3.17) , (3.19) we present the integration measure d 4 p as dp 0 |p| 2 d|p|dΩ, where dΩ is the angular measure. Using the definition of equilibrium distributions (3.6) (for µ = 0) and taking into account
we perform the integral over dp 0 and the radial integral over d|p| in the expressions for S (II) -function (3.17) and Σ (II) -function (3.19) .
This enables us to present the expression (6.2) in the form
is effective four-gluon vertex, which represents a sum of a bare four-gluon vertex
and corresponding HTL-correction
is the effective three-gluon vertex. It also represents a sum of the bare three-gluon vertex 6.6) and corresponding HTL-correction
pl is the Debye screening mass. The polarization tensor (3.15) in these notations takes the form
In a similar way, the coefficient in front of product of the structure constants f bdf f f ce in (6.1) may be presented as
The coefficient in front of the second group (A
) are transformed in a similar manner. In this case this corresponds to replacement all colour and vector indices and momenta by ones with primes in the above obtained expression (6.3) and (6.8) .
With regard to above-mentioned, the kinetic equation describing scattering of wave on wave (5.14) can be rewritten in the following form
Here, we omit suffix "(0)" on potentials. The r.h.s. of Eq. (6.9) has highly nontrivial colour structure, that actually is reflection of nontrivial colour structure of initial semiclassical dinamical equation (3.4) . As it will be shown bellow, this leads to qualitative distinction of a kernel, defining the four-plasmon collision term from the similar scattering kernel in Abelian plasma [31, 38] .
The kinetic equation for plasmons
To obtain desired kinetic equation for waves in QGP taking into account their mutual nonlinear scatterings, we make the correlation decoupling of the sixth-order correlators in the r.h.s. of Eq. (6.9) in the terms of the pair ones by the rule (5.11). After cumbersome calculations, the r.h.s. of Eq. (6.9) can be rewrittten in the form
In derivation of (7.1) we use two relations, which satisfy * Γµνλσ , defined by definition
Their correctness may be verified by direct calculation by using known properties of HTLamplitudes [34, 35] , entering into the definition of
The first of the relations in (7.2) supplements, in the some sense, similar relation for the HTL-correction δΓ 4 to the bare four-gluon vertex defined by Frenkel and Taylor [35] . The second one is a property of invariance of function * Γ , when the momenta order is reversed. Notice that order of the space-time indices in Eq. (7.2) is important.
Further, if we restrict our consideraton to study of plasmons scattering by plasmons, then in the spectral decomposition of I µµ ′ (which be contained in the expression (7.1)) into orthonormal projectors P µµ ′ and Q µµ ′ , it is necessary to keep only longitudinal part, i.e. to set
In the propagator
we use the approximation (see, e.g. Pustovalov and Silin in Ref. [29] ) 4) which holds for a small Im ε l (k). Here, we consider that because of (2.3) sign (Im ε l (k)) = sign ω. The symbol P denotes a principal value. We perceive the δ-function of real part of longitudinal permebility, which appears in (7.4) in the ordinary sense (5.6) . Substituting (5.6) into (7.4) and keeping only a positive part with respect to frequence (i.e. ω = ω
which is trivial consequence of equalities (7.2) , it can be shown, that
Taking into account the last relation, coming from the function I l k to the plasmons number
and recovering the complete form for finite values N l k we obtain the required Boltzmann equation (2.25) , where the probability of plasmon-plasmon scattering is defined by the following expression
The result (7.13) is rather unexpected. As we see from the expression (7.13) , this probability does not reduced to squared module of one scalar function. Here, scattering probability is defined by the squared module of two independent scalar functions and their interference 5 , in spite of the fact that in this paper we restrict our consideraton to study of nonlinear interaction of only colourless excitations in gluon plasma. This radically distinguishes the Boltzmann equation (2.25) , describing the effects of the collisions among colourless soft excitations (plasmons), which we obtain, from corresponding Boltzmann equation including the effects the collisions among colourless hard excitations [42, 23, 24] . In the last case, the Boltzmann equation, corrected to colour factors, fully coincides with corresponding one in Abelian plasma.
The scattering probability can be written in more symmetric form with respect to k, k 1 , k 2 and k 3
This expression is suitable for check of symmetry relation (2.26) , which is imposed on the plasmon-plasmon scattering probability.
The function * Γ , which appears in the expression for probability (7.13) , is defined by expressions (7.8) and (6.3) . As we have shown in Ref. [14] , the expression (7.8) is a gauge invariant at least in a class of covariant and temporal gauges. This automatically leads to gauge invariance of kinetic equation (2.25) . Here, we least aside more suitable queshion, associated with dependence of function * Γ on a gauge parameter (entering by means of propagator for gluons) in a covariant gauge. Here, the queshion is more complicated, than in the case, which we consider in Ref. [14] in connection with definition of a gauge dependence of nonlinear Landau damping rate.
Lifetimes of plasmons
By using the derived Boltzmann equation, now we define the expression for lifetimes of the plasmon with wave vector k relative to the process of four-plasmon decay. For this purpose we first linearize the collission term in the r.h. 
Here, we turn from the function w (k, k 1 ; k 2 , k 3 ) (7.13) to a new function w (k, k 1 ; q)
Based on the exact form of the r.h.s. of Eq. (8.4) , we define the lifetimes of the plasmon of momentum k as follows
Here, the integrand has more involved structure in comparison with a similar expression for the case of the lifetimes of the hard transverse gluon [42] . The reason of this fact is that momentum of the soft quasiparticles becomes of the same order with momentum transfers and under these conditions one must take into account the nontrivial character frequency dependence ω of the collective (massive) gluonic modes on momentum k and vertex corrections.
It is not difficult to estimate order of the expression (8.5) at the momentum scale gT . Considering the plasmon gas in thermal equilibrium with hard particles from the heat bath, i.e. T * ≃ T , and using the definition of w function, we obtain (8.6) However, obtaining numerical factor of proportionality in (8.6 ) is a complicated problem even for limitting case of k = 0-mode. In this paper we restrict our consideration to following general remark, which somewhat simplifies matters.
In prove of a gauge invariance of nonlinear Landau damping rate, we shown [14] that * Γ function (7.8) , entering into the definition of scattering probability (7.13) can be introduced in more simple form
Frenkel and Taylor shown [35] that HTL-corrections to the bare three-and four-gluon vertices can be expressed in terms of Legendre functions of the second kind Q n (ω/|k|) and little more complicated function of the form
with coefficients, which are rational functions of momenta. It is necessary only to take into consideration that HTL-amplitudes, entering into the r.h.s. of (8.7) , contain also imaginary part because of presence the terms with resonance denominator of the following type 1
Then, for instance the integration over solid angle in the δΓ 000 function leads to additional contribution of imaginary part
However, even if the expression (8.7) is accounted, after performing integration over solid angles in δΓ 0000 and δΓ 000 HTL-amplitudes, we obtain the expressions which are very cumbersome. Such going to the limit |k| → 0 is nontrivial. This requires invoking some additional assumptions which simplify expression for integrand in Eq. (8.5) and allow to make this function more visible and suitable for numerical calculations.
The nonlinear frequency shift of longitudinal oscillations
In this Section, slightly dropping out of general outline of this paper, we consider a further additional contribution to the r.h.s. of kinetic equation, describing four-wave interaction. It connected with consideration of nonlinear correction to frequency spectrum of longitudinal plasmon mode, depending on the plasmons number N l k and is defined only by gauge invariant function (7.8) , as well as probabilities of the processes of nonlinear scattering of plasmons by QGP particles, which we have studied in Ref. [14] .
It is known that interaction leads to a shift of energy levels of states of quantummechanical systems. The similar picture arises in the theory of nonlinear self-interactions of the soft collective oscillations. In the linear plasma theory, i.e. in the theory with infinitesimall amplitudes of plasma oscillations, the frequency spectrums represent the function of such values (T, g, . . .), which not dependent on waves energy. In the framework of nonlinear theory, the corrections to frequency spectrum, depending on their energy, are arisen. Such nonlinear dispersion correction represents a linear functional of plasmon number density N l k . In perturbative thermal field theory gauge-independent calculation of corrections to the HTL dispersion laws of the gauge-boson sector of hot SQED has been obtained by Kraemmer, Rebhan and Schulz [43] , and those of purely gluon hot QCD has been obeyed by Schulz [44] . The dispersion relation of the interacting quasiparticles in the framework of transport theory of masseless hot scalar φ 4 theory has been obtained and analyzed by Mrówczyński in Ref. [11] . The paper of Xiaofei and Jiarong [45] , where the multiple time-scale perturbation method [46] has been used for calculations of the nonlinear eigenfrequence shift, is most close to subject of given research. However, they restricted the attention to the derivation of expression of the nonlinear correction to a spectrum of longitudinal oscillations in the limiting case of k = 0-mode, without consideration some dynamical consequence of the nonlinear frequency shift.
Let us calculate the nonlinear correction to a spectrum of longitudinal oscillations in the framework of our approach. Here, initial equation is intensive collisions between plasmons are arisen and this scattering process is described by Boltzmann equation (2.25) . That is to result in "throw out" of plasmons from region of a small |k| and thus to suppression of increase of k = 0-mode. In mathematical language this denotes that for definite values of momentum, magnitude of off-equilibrium fluctuation δN l k becomes by long by as N l eq (k), and therefore the linearization of Boltzmann equation (2.25) is nonvalid, like the estimation (8.6) , corrected in the framework of this approximation. In the region |k| ≪ gT , where collisions among plasmons start to play a role, it is necessary to solve exact nonlinear integro-differential equation, whose r.h.s. is considered both the process of scattering plasmons off hard particles of the heat bath, and the process of four-plasmon decays, i.e. exact "generalized" kinetic equation, which should be taken into account the spectrum broadering effects.
In recent years, great interest has been expressed in derivation of generalized kinetic equations for the finite width particles. The necessity for similar equations is arisen in investigation of systems which are far from equilibrium, for example, the parton system created in the first hard interaction of two heavy ions at high energies, where the off-mass shell propagation plays important role. The basic methodological ideas and approaches of derivation of the generalized Boltzmann equation, the most clearly and simple appear for hot scalar ϕ 4 theory (see e.g., [11] ). Here, the key element is entering the spectral function, which characterizes the substructural state of interacting particles, and is expressed in terms of the real and imaginary parts of the self-energies. Similar technique for derivation of generalized kinetic equations was developed by Ivanov, Knoll, and Voskresensky [49] for description of the effects of the propagation of particles which have of finite lifetimes (and an according finite width in their mass spectrum) -resonance like the ρ-meson, ∆-resonance, etc. in nonequilibrium hadron matter produced in heavy-ion collisions. In the framework of thermo field dynamic formalism, a transport equation for fermionic quantum field with continuous mass spectrum was also proposed by Henning [50] .
The consideration of finite width, whose appearing is possible due to statistical -kinetic effects of collisions, is defined, as a rule, in research of dynamics of the basic constituents of system, which carry typical hard momentum. We would like below to discussed similar problem for medium excitations, which carry soft momentum, i.e. for collective excitations of plasmon type. The ensemble of soft excitations of gluon plasma can be introduced as some gas, which consists of soft quasiparticles -plasmons. As in usual gas, these quasiparticles collide with each other, and thus give rise their spectrum broadering. On this point, the investigation of spectrum broadering effects becomes similar to research of analogous effects for hard particles. However, here, there is some specific peculiarities, which we now discuss in more detail.
In a highly excited system, one-to-one correspondence between excitations frequency and their wave vector fails, i.e. for each k there is a frequency spectrum, that is a certain line with finite width near the plasmon mass shell ω = ω l k . In the case of weak departure from equilibrium, the width of the line is ∆ω ≪ ω l k . One can be used the approach developed in due time as applied to electron-ion plasma for the derivation of equation, taking into account the effect of the departures of plasma excitations from mass shell. In more simple variant [31] the essence of this approach is reduced to single out of the fields with low frequency of order ∆ω and the fields with high frequency of order ω l k . Here, the main purpose is to derive the equation, containing high-frequency fields (more precisely, the averaged values of their quadratic combinations which here, play a role of functions describing plasmon condensate) through expression of low-frequency fields in terms of high-frequency ones. Since we are interested mainly in time correlation of longitudinal excitations, for simplicity it will be considered that excitation state of plasma is stationary and homogeneous, i.e. we set d/dt = 0 (nonstationary and ingomogeneous of medium can be taken into account by using the results [14] ). By applying approach of Ref. [31] and omitting the calculation details, one can obtain the following integral equation for (10.6) where the functions α In deriving the Eq. (10.6) we take into account that Im * ∆ −1 l (k)| ω=ω l k = 0. From the expression (10.6) we see that nonlinear shift of oscillation frequency considered also contribution of plasmon self-interaction unlike (9.5) , and spectrum broadering defined by expression (10.8) , is arisen.
In order to better appreciate the structure of the expression (10.6), we consider it for the momentum comparable to the scale of the termal mass. At the momentum scale gT the value of nonlinear decrement rate γ l N L (k) is defined by the first term in the r.h.s. of definition (10.5) . It is connected with scattering process of soft modes by hard termal gluons. The second term in the r.h.s. of (10.5) , correspondent to four-plasmon decay, is suppresed by more power of g according to estimation (8.6) . Therefore the following estimate for γ
However the numerator in the r.h.s. of Eq. (10.6) is exceptionally defined by the effects of four-plasmon decays and therefore have higher order in g in contrast to γ l N L (k). Such nontrivial character of numerator and denominator dependences on the coupling in expression (10.6) is specific for longitudinal plasma excitations. In view of rigorously non-decay 7 spectrum of plasmons (see Sec. 2) in the r.h.s. of Eq. (10.3), the term, proportional to
is absent. Precisely, because of absence of this term, the function α . The Eq. (10.9) defines the frequency renormalized due to the interaction, considered in previous Section and leads to solution
The rigour is mean that a small changes of longitudinal oscillations frequency are not led to permission of three-plasmon decays (2.20) .
where function ∆ω l k is defined by equality (9.5). The Eq. (10.10) describes the energetic balance in medium.
Thus, at the soft momentum scale, one-to-one correspondence between excitations frequency and its wave number is considered, but nonlinear frequency shift is arisen. In the region |k| ≪ gT only, when nonlinear process of plasmon-plasmon scattering becomes dominant, the distribution (10.6) takes the standard Breit-Wigner form.
Conclusion
In the framework of semiclassical kinetic theory of hot gluon plasma we obtained the transport equation, taking into account four-plasmon decay. The probability of plasmonplasmon scattering at the leading order in the coupling constant is derived. It is defined with the help of three-gluon and four-gluon effective vertices, and effective propagator only, as the probability of the process of nonlinear scattering of a plasmon by hard QGP particles [14] . It is proved that this probability is a gauge-independent at least in a class of the covariant and temporal gauges. It is noted that the structure of scattering kernel has important qualitative difference from the corresponding one in Abelian plasma, in spite of the fact that we focussed our study on the colourless soft excitations. This is point which we find difficult to interpret and therefore additional analysis of this problem is required.
There is independent test of the validity of derived Boltzmann equation (2.25) (exactly, its linearized version (8.4) ). In Ref. [23] fundamental derivation of Boltzmann equation for high temperature Yang-Mills plasma has proposed by Blaizot and Iancu in the CTP formalism framework. Their derivation relies on a gauge-covariant gradient expansion of the Kadanoff-Baym equations for the gluon two-point function. The Boltzmann equation has emerged as the quantum transport equation at leading order in g for the gaugecovariant fluctuation δǴ of the hard gluon propagator.
Besides in the above-mentioned paper, the Kadanoff-Baym equations for the offequilibrium propagator of the soft gluon D µν (X, Y ), which are formally identical to those for the hard gluon propagator G µν (X, Y ), are written out. These equations are used in Ref. [23] only to deduce the relation between the off-equilibrium gauge-covariant fluctuatioń D < (k, x) and the gauge-covariant fluctuation of the leading-order soft gluon polarization tensorδΠ < (k, x), and the problem on self-interactions of the soft fields here, is not considered. However, in principal there is nothing to forbid the use of these equations for reseach in the dynamics of the soft fields and construction of relevant transport equation in a framework of scheme, suggested by Blaisot and Iancu [23] . Here, byδΠ < (k, x) we mean the fluctuation of next-to-leading order of soft gluon self-energy, involving threeand four-gluon off-equilibrium vertices with soft external lines. The relevant effects of self-interaction of the soft fields are encoded in these functions. Here, we note that in real-time formalism, the technical complications resulting from the doubling of degrees of freedom are arisen. However in recent years suitable technique allowing effectively work not only with single-particle propagator, but also with three-and four-point functions, has been developed [8] . This greatly simplifies calculations in real time and enables us to derive the transport equation for the soft gluons , in particulary plasmons, directly from the underlying quantum field theory and compare it with equation, derived in the present work in the contex of semiclassical approximation. This formal scheme is also needed to specify the limits to the validity of the semiclassical kinetic approach to research the interaction processes of the soft fields in hot QCD plasma. The exact consideration of a given queshion will be subject of a separate research.
